The concentrations, distributions, and stable carbon isotopes (δ 13 C) of plant waxes carried 19 by fluvial suspended sediments contain valuable information about terrestrial ecosystem 20 characteristics. To properly interpret past changes recorded in sedimentary archives it is crucial 21 to understand the sources and variability of exported plant waxes in modern systems on seasonal 22 to inter-annual timescales. To determine such variability, we present concentrations and δ 13 C 23 compositions of three compound classes (n-alkanes, n-alcohols, n-alkanoic acids) in a 34-month 24 time series of suspended sediments from the outflow of the Congo River. Carbon-normalized concentrations and relative abundances of n-alcohols (19 -58% of 37 total plant-wax lipids) and n-alkanoic acids (26 -76%) respond rapidly to seasonal changes in 38 runoff, indicating that they are mostly derived from a recently entrained local source. In contrast, 39 a lack of correlation with discharge and low, stable relative abundances (5 -16%) indicate that 40 n-alkanes better represent a catchment-integrated signal with minimal response to discharge 41 seasonality. Comparison to published data on other large watersheds indicates that this 42 phenomenon is not limited to the Congo River, and that analysis of multiple plant-wax lipid 43 classes and chain lengths can be used to better resolve local vs. distal ecosystem structure in river 44 catchments. 45 3
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We show that exported plant-dominated n-alkanes (C 25 -C 35 ) represent a mixture of C 3 26 and C 4 end members, each with distinct molecular distributions, as evidenced by an 8.1 ± 0.7‰ 27 (±1σ standard deviation) spread in δ 13 C values across chain-lengths, and weak correlations 28 between individual homologue concentrations (r = 0.52 -0.94). In contrast, plant-dominated n-29 alcohols (C 26 -C 36 ) and n-alkanoic acids (C 26 -C 36 ) exhibit stronger positive correlations (r = 30
Introduction 46 47
Since their discovery (Eglinton et al., 1962; Eglinton and Hamilton, 1967) , the 48 information recorded in the composition of aliphatic plant-wax lipids has been utilized 49 extensively as a recorder of terrestrial ecosystem structure both in modern settings (Diefendorf et 50 al., 2011; Bush and McInerney, 2013 ) and the geologic past (see Pancost and Boot, 2004 ; 51
Eglinton and Eglinton, 2008; Freeman and Pancost, 2014 for review). Much attention has been 52
focused on long-chain (i.e. greater than ~23 carbons) saturated n-alkanes, such that the detection 53 of distinct homologue distributions among plant functional types (PFTs) has lead to the use of 54 homologue ratios as a tracer for n-alkane sources and ecosystem composition (Ficken et between n-alkane production and PFT coverage. However, it has recently been recognized that 58 between homologous lipids of the same compound class as high as ~6‰ have been observed in 77 fluvial sediments due to increasing influence of C 4 grasses at longer chain lengths (Freeman and 
Lipid abundance and distribution 272
Concentrations of individual homologues, average chain lengths, and carbon preference 273 indices are presented in Tables EA2-EA4 . 274 (1) 290 n-Alkane ACL in our sample set is remarkably stable, with an average of 30.0 ± 0.1 units and a numbered homologues only (we note that C 36 was not detected in any sample). n-Alkane CPI in 296 our dataset averages 2.9 ± 0.5, ranging from 2.1 -4.1, and shows a small yet statistically 297 significant decrease with increasing discharge (Figure 5c ). 298
We additionally calculate P aq , an estimate of macrophyte contribution to n-alkanes (Ficken 299 et al., 2000) , as: 300
Resulting P aq values in our sample set (Table EA2) 
n-Alcohols 305
abundant than n-alkanes, with individual compound concentrations ranging from 14.6 ± 3.1 312 μg/gOC (C 36 ) to 163.0 ± 8.0 μg/gOC (C 28 ; Figure 3b ). ΣLC 26-36 concentrations range from 206.5 313 -718.7 μg/gOC, and are therefore 3.8 ± 0.9 times higher than corresponding n-alkane 314 concentrations. Time series plots of ΣLC 26-36 and selected homologue concentrations are shown 315
in Figure 6a -c, while Figure 5d shows that ΣLC 26-36 concentrations decrease as a function of river 316 discharge. Again, this relationship is driven by changes in %OC, as sediment-normalized ΣLC 26-317 36 concentrations display no significant relationship with discharge (R 2 = 0.04, p-value > 0.05; 318 not shown). 319 n-Alcohols are more evenly distributed than n-alkanes, with no single homologue 320 contributing more than 21% or less than 9% of the long-chain total (Figure 3b ). ACL is 321 calculated similarly to n-alkanes, but using C 26 -C 36 even-numbered homologues. Again, ACLcalculated as above but using ΣLC 26-36 in the numerator and ΣLC 25-35 /ΣLC 27-37 in the 324 denominators (noting that C 37 was not detected in any sample), averages 3.7 ± 0.4 with a range 325 of 3.0 -4.6. While ACL shows no correlation (Figure 5e ), CPI exhibits a strong negative 326 relationship with discharge (Figure 5f ). 327
As C 24 n-alcohol was omitted from the above calculations, to accurately compare ACL, 330 CPI, and ΣLC across compound classes we remove C 24 n-alkanoic acid from the calculations 331 performed here. n-Alkanoic acids display a similar distribution to n-alcohols, with C 26 , C 28 , and C 30 all 343 contributing ~20 -25% of the long-chain total, and decreasing contribution with increasing 344 chain length beyond C 30 (Figure 3c ). Average ACL is 29.5 ± 0.2, slightly lower than that of n-345 alkanes and n-alcohols, and exhibits a slight increase with increasing discharge (Figure 5h) . n-346
Alkanoic acid CPI is the highest of all observed compound classes (C 37 not detected), averaging 347 4.3 ± 0.5 and shows no correlation with river discharge (Figure 5i ). We note that inclusion of n-348 C 24 decreases ACL to 28.4 ± 0.2 and exhibits no effect on CPI (not shown). 349
Individual homologue δ 13 C measurements are reported in Tables EA5-EA7 . In the Congo River, integration of n-alkanes over multiple source regions should result in 487 a similarly large δ 13 C difference across homologues and lower correlation between homologue 488 concentrations, as is observed (Figure 3d, 4d ; Table 1 Spatially, C 4 -bearing savannah and woodland/shrubland ecosystems are mostly located at 501 the northern and southern extremes of the catchment, above 5°N and between 5-10°S, while C 3 -502 dominated evergreen forest, deciduous/montane forest, and swamp forest occupy the central 503 region (Figure 1 ). This geographic separation indicates a variable apparent integration region for 504 n-alkane homologues, with the longest chain-length n-alkanes biasing toward headwater regions 505 due to higher production by gramminoids. Additionally, observed negative correlations between 506 C 27 -C 33 n-alkane concentrations and δ 13 C values (Table 3) hemisphere discharge, which is not observed (Figure 4d) . Table  532 2), indicating that diagenetic contribution by functionalized C 3 plant waxes contributes to the 533 overprinting of these compounds during transit. Taken together, the observed depleted δ 13 C 534 values, negative correlations between δ 13 C and concentration, and positive δ 13 C correlations with 535 corresponding functionalized lipids indicate that C 29 and C 31 n-alkane exhibit significant 536 overprinting during fluvial transit and bias toward a more local signal. In contrast, enriched δ 13 C 537 values and weaker correlation between δ 13 C and concentration for C 33 and, especially, C 35 n-538 alkanes are strong evidence that these homologues better retain a headwater signal. 
n-Alcohols and n-alkanoic acids are controlled by recently entrained local sources 541
Contrary to n-alkanes, carbon-normalized concentrations of plant-wax n-alcohols and n-542 alkanoic acids in Congo River POC are equal to or greater than the highest observed values in 543 any large river system to date (Saliot et . Such high n-alcohol:n-alkane (3.8 ± 0.9) and n-alkanoic acid:n-alkane (7.1 ± 2.5) 545 ratios in suspended sediments contrast with the overlapping range in concentrations between 546 compound classes found in African plants (Table 4) . Additionally, despite an identical range in 547 CPI for n-alkanes and n-alcohols (no n-alkanoic data exist) in individual African plant leaves 548 (Table 4) , both functionalized compound classes exhibit higher CPI values than do n-alkanes in 549 suspended sediment (Tables EA2-EA4) , as diagenetic degradation has been shown to lower CPI 550
(Meyers and Ishiwatari, 1993). 551
Assuming no pervasive biases against the transfer of n-alkanes into soils and subsequent 552 30.8‰, respectively; Figure 3e-f). Using a C 3 end-member value of -35‰ and a C 4 end-member 571 value of -22‰, as above (Castañeda and Schouten, 2011) , this leads to a minimum C 3 572 contribution to n-alcohols of 73 ± 5% (C 32 ) and 68 ± 6% to n-alkanoic acids (C 26 ). However, this 573 is likely an underestimate, as relatively enriched δ ecosystems, as C 4 land cover is mostly limited to distal headwater regions (Figure 1b) . Similar to 577 n-alkanes, regions of mosaic savannah/grassland and deciduous woodland/shrubland near the 578 sampling site likely do not contribute significantly to exported n-alcohols and n-alkanoic acids, 579 as this would lead to a 13 C-enrichment during southern hemisphere dominated discharge periods, 580 which is not observed (Figure 6d, 7d, 8) . 581
Unlike longer chain homologues, autochthonous production of C 24 n-alcohol has been 582 
If dissolved inorganic carbon (DIC) is
13 C-depleted relative to atmospheric CO 2 , autochthonous 586 contribution will lead to lower observed δ 13 C values for C 24 n-alcohol, especially during periods 587 of low discharge when phytoplankton production is highest. While no DIC δ Further evidence for a local, C 3 signal to functionalized n-alkyl lipids comes from the fact 597 that δ 13 C values show significantly weaker negative correlation with lipid concentrations than do 598 n-alkanes, with the exception of C 24 n-alcohol and C 24 n-alkanoic acid (Table 3) 
Conclusion 673
We report concentrations and δ 13 C values of three classes of dominantly plant-derived n-674 alkyl lipids from a 34-month time series of Congo River suspended sediments. Our results show 675 that n-alkanoic acid and n-alcohol concentrations are equal to or greater than the highest OC-676 normalized concentrations in large fluvial systems reported to date. In contrast, n-alkanes 677 concentrations are lower than those reported in other major rivers. Spread in n-alcohol and n-678 alkanoic acid δ 13 C values between long-chain homologues is lower than observed in other major 679 rivers, while n-alkanes exhibit up to ~8‰ enrichment with increasing chain length. 680
These data indicate that n-alkanoic acids and n-alcohols are sourced from local, C 3 -681 dominated ecosystems, consistent with the idea that high reactivity of functional groups 682 precludes significant spatial integration of these compounds. In contrast, n-alkane homologues 683 variably integrate over a wide range of ecosystems with increasing contribution by distal C 4 -684 dominated savannah and woodland/shrubland source regions to the longest chain-length 685 compounds. Strong seasonal shifts in relative n-alkanoic acid and n-alcohol concentrations 686 indicate that functionalized lipids respond rapidly to changes in hydrological regime. This signal, 687 however, is not reflected in δ 13 C values. During periods of highest northern hemisphere 688 discharge, an increase in fractional n-alcohol contribution and decrease in n-alkanoic acid 689 contribution suggest a strong bias towards a local swamp-forest signal. n-Alkanes are less 690 affected by seasonal changes in discharge, further indicating that these compounds integrate overConsequently, we suggest that simultaneous measurement of multiple n-alkyl lipid 693 classes and chain lengths in down-core samples will likely provide better geospatial resolution 694 for paleo-ecosystem reconstruction due to their differential integration regions and C 3 /C 4 biases. Q w (×1000 m
